Introduction
The substitution pattern of the mixed ring systems cw-NPCl2(NSOX)2, X = C1 or F, towards cyclic secondary amines [2] and dimethylamine [3] has been studied in detail. It seemed interesting to investigate how substitution proceeds for primary amines.
Recently Klingebiel et al. reported the isolation of a mixture of isomers of the mono derivatives of as-NPCl2(NSOCl)2 on reaction with, among others, methyl-and ethylamine [4] . Heider et al. reported the preparation of a mixture of isomers of the monomethyl-and monoethylamino derivatives of c{s-NPCl2(NSOF)2 from reactions with silylamines [5] . They found that for both ring systems the first substitution takes place at the phosphorus atom. From the *H NMR spectra they concluded the presence of two isomers. However, in contrast to our observations, they observed that a mixture of isomers gives only one signal in the 31 P NMR spectrum. Van den Berg et al. showed that the first substitution step at the phosphorus atom is superseded by a substitution at a sulphur atom, as the amine is becoming bulkier [6] , This phenomenon was ascribed to the increasing steric hindrance for the formation of an Sn2 transition state with 5-coordinated phosphorus.
Here we will describe a study of the behaviour of the mixed ring systems cis-NPCl2(NSOCl)2 (1) and cis-NPCl2(NSOF)2 (2) towards methyl-and ethylamine.
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Discussion

Reaction pattern
The ring systems 1 and 2 yield in a reaction with methyl-and ethylamine (molar ratio 1:2) in diethylether as well as in acetonitrile only mono derivatives with the amino substituent attached to the phosphorus atom. No sulphur substitution was observed in the 31 P NMR spectra of the crude reaction mixtures, all 31 P-signals were affected by 1 H-31 Pcoupling. This is in agreement with the results obtained by Van den Berg et al.: a small primary amine will react at the phosphorus atom [6] .
Both in diethylether and in acetonitrile compound 1 forms two isomers in a ratio 1:5 whereas compound 2 gives two isomers in a ratio 3:7.
In view of the free space available at the oxygen atoms [7, 8] we suppose that in the isomer formed in the highest yield the amino and oxygen ligands are in cis-position.
* The first prefix is related to the position of the amino group with respect to the oxygen atoms, the second prefix to the position of the oxygen atoms with respect to each other.
Ring system 2 probably reacts less stereospecifically because of the smaller fluorine atoms. In contrast to the results obtained by Klingebiel and Heider [4, 5] we found that the cis-and transisomers have quite different Ö 31 P values (Table I) .
The most abundant isomers could be isolated in a pure state and in all cases they appear to be white crystalline solids.
The second substitution step also takes place at the phosphorus atom. In these reactions, using four moles of amine per mole of the ring compound and diethylether as a solvent, C«LS-NPC12(NSOF)2 is completely converted into c«'s-NPAm2(NSOF)2, but for ci's-NPCl2(NSOCl)2 the crude reaction product appears to be a 4:1 mixture of mono-and disubstituted products. Two reasons can be advanced for this difference in reactivity. First, from geometrical considerations the cis-isomer of NPClAm(NSOX)2 leans itself less readily to the formation of a transition state with phosphorus in 5-coordination, than the Jrans-isomer. For X = Cl the relatively largest amount of cis-isomer is formed in the 1:2 reaction. The increase of the ratio cis/trans from 5 (2 mmoles ratio of amine) to 7 (4 mmoles ratio of amine) supports this view. Secondly, due to the smaller size of the fluorine atoms in comparison with the chlorine atoms, both isomers of cisNPClAm(NSOF)2 are more reactive to further substitution than the corresponding chlorine analogues.
To force the 1:4 reaction with ws-NPCl2(NSOCl)2 to completeness a more polar solvent has to be used. However, reactions carried out in acetonitrile yield large amounts of resinous material. In this case the best results are acquired with a 3:1 mixture of acetonitrile and diethylether.
Attempts to prepare the tri-and tetrasubstituted derivatives of as-NPCl2(NSOCl)2 gave only very small yields of the substitution products together with large amounts of resinous material.
ip NMR
The 31 P NMR data are listed in Table I . As we can expect, in all cases the resonance signals shift to higher field on progressing aminolysis: ÖPC12 > <5PClAm > 6PAm2. Examining the chemical shifts, there appears to be an almost constant difference (2.5-2.8 ppm) between the d 31 P value of a cis-isomer and that of a fraws-isomer, despite of the different ligands at the sulphur atoms (Cl or F).
Plotting the d 31 P value (or mean value if two isomers are present) against the degree of substitution (n) linear relationships are obtained (Fig. 1) . Both for the methylamino and ethylamino derivatives the graph for X = F is found at the lowest field. This can be ascribed to the larger electronwithdrawing capacity of the SOF group compared to the SOC1 group. The slopes of the graphs show that an ethylamino group affects the 31 P chemical shift more than a methylamino group. They seem to follow the base strengths of the amines concerned, although the differences are small (pKa(MeNH2) = 10.66; pKa(EtNH2) = 10.81).
NMR
The CH3 proton signal of the methylamino group is split into a doublet of doublets due to coupling with the phosphorus atom and the NH proton. The CH3 resonance of the ethylamino group consists of a triplet of doublets because of coupling with the CH2 protons and the phosphorus atom. The CH2 signal is split by coupling with three centres viz. the phosphorus atom, the NH proton and the CH3 protons. The NH proton is recognizable as a broad band, which shifts to lower field after prolonged standing of the solution (in CDCI3), probably due to decomposition. The NH resonance and the coupling with the NH proton disappear by shaking a freshly prepared solution with D20.
As shown in Table I the NH proton resonance is found in the mono (amino) derivatives at 3.9 to 4.0 ppm and in the bis(amino) derivatives at 3.0-3.2 ppm. This is consistent with the results obtained for the ethyl-and i-propylamino derivatives of (NPC12)3 [9, 10] . A similar up-field shift is observed for the methyl and methylene protons, which points to the electron-donating capacity of the amino groups.
Considering the | 3 JPH| and | 3 JNHCH| values, we notice that they are not very sensitive for variation of the substituent X. They depend more on the amine used and on the degree of substitution: For the compounds as-NPAm2(NSOX)2 the two different amino groups can be distinguished in the 1 H NMR spectra. Regarding the | 3 JPH| values of the two groups and comparing these values with those of the cis-and trans-isomers of NPClAm(NSOX)2, we assume that the signal with the smallest | 3 JPH| belongs to the amino group in cis-position with respect to the oxygen atoms.
Experimental
All experiments were carried out under dry nitrogen. cis-NPCl2 (NS0C1)2 and m-NPCl2(NSOF)2 were synthesized as described elsewhere [11, 12] , A solution of methyl-or ethylamine in diethylether or acetonitrile was obtained by distilling the amine via a KOH column into a vessel containing diethylether or acetonitrile. The concentration was determined by titration. Solvents were purified and dried by conventional methods. The element analyses were carried out at the Microanalytical Department of this University under supervision of Mr. A. F. Hamminga. The infrared spectra were recorded on a Hitachi EPI-G spectrophotometer using Nujol mulls between KBr discs. Calibration was carried out by means of polystyrene film bands. The mass spectra were taken by Mr. A. Kiewiet (Department of Organic Chemistry of this University) on an AEI MS 9 mass spectrometer at 70 eV, using an accelerating voltage of 8 kV. The samples were introduced directly by a conventional inlet system. The X H NMR spectra were taken on a Varian A 60 spectrometer at 35 °C from a freshly prepared solution in CDCI3 and standardized towards internal TMS. The 31 P-NMR and 19 F-NMR spectra were recorded by Mr. R. H. Fokkens and Mr. C. Kruk (NMR Department, University of Amsterdam) on a Varian XL-100 FT spectrometer at 37 °C, operating at 40.5 MHz and 94.1MHz, respectively. Chemical shifts were determined relative to the external standards 85% H3P04( 31 P) and CFCl3( 19 F) and defined as positive in low-field direction. The 2 H resonance of the solvent CDCI3 was used for field-frequency lock.
General method of preparation
At -20 °C, a solution of n mmoles of amine in 40 ml of diethylether or acetonitrile was added dropwise to a stirred solution of m mmoles of ring compound in 40 ml of diethylether or acetonitrile, over a period of about 30 min. The reaction mixture was allowed to warm up slowly to room temperature and was kept for about 20 h at room temperature under stirring. The solution was filtered off and the residue extracted with diethylether or acetonitrile. After evaporation of the solvent, the crude reaction product was obtained and purified by recrystallization from a suitable solvent.
Reaction of cis-NPCl2(NSOCl)2 with MeNH2 (molar ratio 1:2) in Et20
The crude reaction product, consisting of 
Reaction of cis-NPCl2(NSOCl)2 with MeNH2 (molar ratio 1:4) in Et20
The crude reaction product consisted of a 7:1:2 mixture of the compounds 3, 4 and 5. No disubstituted product was isolated.
Reaction of cis-NPCl2(NSOCl)2 with MeNH2 (molar ratio 1:4) in MeCN
The crude reaction product was recrystallized from CHCI3. Yield: 9.0% of cis-NP(NHMe)2(NSOCl)2 (5) 
Reaction of cis-NPCl2(NSOCl)2 with EtNH2 (molar ratio 1:2) in Et20
The crude reaction product, consisting of a 5:1 mixture of the compounds 6 and 7, was recrystallized from a mixture of Et20 and W-CSHI2. Yield: 41.9% of as-cis-NPClNHEt(NSOCl)2 (6) 
